ACKGROUND: It has not been well understood whether the quality and quantity of protein intake could affect the quality of life. Quality of life is associated with nutritional status, but the usage of prognostic nutritional index (PNI) to reflect quality of life of head and neck cancer patients undergoing radiotherapy also still has not been widely studied.
cell cycle arrest, thus adds better rate of successful treatment. (7, 8) Unfortunately, chemotherapy increases a higher risk of complications and worse radiation-related toxicity by twofold and this might cause more disruption in radiotherapy schedule, lower compliance in treatment and also higher rate of admission. (8) These would further impairs the patient's likelihood to achieve the optimal nutritional intake that is recommended by The European Society for Clinical Nutrition and Metabolism (ESPEN) guideline for cancer. (6, 9) ESPEN guideline for cancer recommended a minimum daily protein intake of 1.2 g/kg/day to maintain daily function, but as of today, there is no recommendation for protein quality.(9) Studies had shown a changes of certain biologic markers related to protein quality (10) (11) (12) , thus whether to modify the quality of protein intake for cancer patients to gain benefit remained uncertain.
Prognostic nutritional index (PNI), first coined by Onodera, et al., can be described as a nutritional and inflamation based index derived from serum albumin level and total lymphocyte count (TLC) calculation, of which the two had been used as a marker to determine nutritional status. (13) (14) (15) (16) PNI is increasingly used in predicting the prognostic factors, such as survival, metastatic probability, and recurrence rate and chemotherapy adverse events in several cancer studies. (17) (18) (19) (20) (21) But no study had investigated the relation of PNI to quality of life. Quality of life, as one of the goal of cancer treatment, is related to nutritional status in cancer studies and can be assessed with various tools (22) , but to our knowledge, there is no objective nutritionalrelated markers that has been used to reflect the quality of life in cancer patients. As quality of life is associated with nutritional status, PNI might be able to be used as an objective, nutritional-related marker to reflect the quality of life of head and neck cancer patients. In this study, we attempted to investigate the correlation of PNI with quality of life, and also the correlation of quantity and quality of protein intake with PNI and quality of life.
Methods
This cross-sectional study took place at the Radiotherapy Department of dr. Cipto Mangunkusumo General Hospital, Jakarta for 4 months during April to July 2018. Estimation of sample size was calculated using the correlation study formula with α=0,05; β=0,20; r=0,353, resulting a minimum sample of 61 subjects. Head and neck cancer patients were consecutively recruited after initial screening with inclusion criteria of a head and neck cancer diagnosis on every stadium, age 18-65 years old, currently undergoing radiotherapy treatment with or without concurrent chemotherapy of minimal 30-40 Gy dose and do not have any difficulties standing up. Exclusion criteria were patients having tuberculosis, human immunodeficiency virus (HIV) infection, kidney and liver disorder and also history of stroke and/or bone fracture that disabled them to stand up and do anthropometric measurement. A total of 61 patients were recruited and consented to sign an agreement form after throughout explanation and were able to be analyzed. This study was approved by Ethics Committee of the Faculty of Medicine, Universitas Indonesia with No. 0203/UN2.F1/ ETIK/2018.
Patients were interviewed for obtaining the characteristic data with the help of medical record. Diet pattern for one month were also assessed by interviewing the patients using semi quantitative food frequency questionnaire (FFQ) method with the help of food models instrument. Patients were asked about the amount and frequency of their intake then recorded in structured FFQ form and were subsequently analyzed using Nutrisurvey 2007 program to obtain the total calorie and protein intake per day. The quality of protein intake was also assessed by the ratio of animal protein to plant protein, with 50% animal protein as the cutoff for a good quality of protein intake. Anthropometric measurements that consisted of body weight and height were obtained using SECA® electrodigital scale and ShorrBoard® respectively. Body mass index (BMI) was calculated by the result of weight and height measurements and was categorized into five groups by Asia Pacific criteria. Quality of life evaluation was done by using the standardized questionnaires from the European Organization for Research and Treatment of Cancer (EORTC). The questionnaires used were the EORTC Quality of Life Core Questionnaire (QLQ-C30) and Quality of Life Head and Neck module (QLQ-H&N35). It was developed for trials involving head and neck cancer patients and was reliable for use in Indonesia by a validation study. Data were calculated and then transformed into scores between 0-100 for each aspects of quality of life.
Laboratory Parameters
Laboratory data was obtained from one-time blood sample examination. Data consisted of serum albumin level and TLC. Serum albumin level was obtained using Hitachi 917 analyzer with bromocresol green method. TLC was obtained with Sysmex® hematology autoanalyzer. PNI was calculated using serum albumin and TLC, with PNI = (10 x serum albumin) + (0.005 x TLC). (13) Statistical Analysis Data were cleaned, processed and analyzed using the Statistical Package for the Social Sciences (SPSS) software version 20.0. Kolmogorov-Smirnov test was used to determine the normality of data distribution with p>0.05 for normally distributed data. The correlation of protein intake with PNI, protein intake with quality of life and PNI with quality of life were all analyzed using Spearman Rank test.
Characteristic of subjects were described in Table 1 . Mean age of subjects were 46.3±12.4 years old with the highest percentage of over 50 years old (45.9%). Males were more than females with a ratio of 3:1. Nasopharynx (57.4%) was the most common source of head and neck cancer in this study. Most subjects present with stage IV cancer (65.6%) and 73.8% of subjects had a combination of radiotherapy with concurrent chemotherapy.
Mean BMI was 20.8±3.8 kg/m 2 with around third of subjects were in low weight (32.8%). Assessment of dietary intake revealed that most of the patients (86.8%) were using oral route for nutritional intake and ate a median 30.9 (14.9-67.9) kcal/kg/day of calories and 1.42 (0.26-4.11) g/kg/ day of protein. Eighty five point two percent subjects could achieve minimum recommended amount of 25 kcal/kg per day and 67.2% could achieve minimum recommended amount of 1.2 g/kg per day protein intake. Assessment of protein quality revealed that 70.5% subjects protein intake consist of more than 50% animal protein source.
Median of albumin was 4.2 (2.6-5.2) g/dL and mean of TLC was 640.1±335. Median of PNI was 45.9 (29.4-54.2). Quality of life were assessed using a scale method from the questionnaire which the patients had to choose from one to four and then calculated to determine the severity of symptoms or improvement in functions. The quality of life in patients were described in Table 2 .
This study showed no significant correlation between total protein intake, protein intake per body weight, and quality of protein intake with PNI (Table 3) . A significant correlation were found in 7 symptom domains with total protein intake, that are pain (head and neck) (r=-0.32; p=0.01), swallowing (r=-0. 37 appetite loss (r=-0.3; p=0.03) but none was found in quality of protein intake (Table 4 ). This study also investigated the correlation between PNI and aspects of quality of life based on EORTC QLQ-C30 and EORTC QLQ-H&N35. There were significant correlation found between physical function (r=0.378; p=0.003), opening mouth (r=-0.325; p=0.011) and dyspnea (r=-0.257; p=0.045) with PNI. Several other symptom domains were also negatively correlated with PNI, althought not statistically significant (Table 5) .
Discussion
were male.(7,23) Gupta, et al., who investigated the agestandardized incidence rate (ASIR) in head and neck cancer patients in several regions showed a consistently higher rate of ASIR in males compared to females in most regions. (24) The most common risk factors for head and neck cancer were tobacco use and alcohol consumption, which were higher in male than female and these might be the reason of the higher incidence in males over the world. (25 Data for one month of calorie and protein intake were obtained from interview using semiquantitative FFQ structured form with trained investigator. The data showed that most subjects could achieve adequate minimum amount of calorie and protein intake, which are 25 kcal/kg/day and 1.2 g/kg/day respectively according to ESPEN guideline. (7) This result might be in association with subject's BMI status, as in only third of the subjects were underweight. All of the subjects in present study were given pre-therapy nutritional education with a weekly routine follow-up by the general practitioners that were trained in clinical nutrition background. Nutritional education is recommended by ESPEN guideline as the first line of intervention in cancer treatment and has been linked with several favourable outcomes.(9) Usage of enteral route was lacking in this study, as only 13.1% subjects were using nasogastric tube during course of treatment. Currently, the use of enteral route is not the standard protocol in clinical pathway at the current institution althought there is proof that patients using nasogastric tube suffered less reduction in body weight compared to oral route. (29) We, therefore, suggest that the usage of enteral route to be a consideration in the future protocol to maximize outcomes.
The highest incidences of head and neck cancer in this study were found in subjects of more than 50 years old. This result was also shown in other studies, which most of the subjects 
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QoL: quality of life; Fc: function.
Protein quality was one of the variables of interest in this study. Animal protein source contain varied amino acid that is relatively more fitting to human tissues utilization, specifically to several amino acids like cysteine, methionine, tryptophan, glycine and threonine.(30) Study showed a benefit for consumption of animal protein sources to muscle mass as it provided better retention and optimal muscle protein synthesis which also might be a benefit for cancer patients. The study also showed an inadequate intake of certain amino acids in elderly if the ratio of animal to plant protein was under 65%. (30) Other study by Gavelle, et al., that investigated the ratio of animal to plant protein by its relation to protein adequacy in French population showed that an inadequate protein intake along with amino acid lysine were present after the 50% ratio to higher plant protein onward. (31) The recommendation from Food and Agriculture Organization (FAO) is to use Digestible Indispensable Amino Acid Scores (DIAAS) to determine protein quality in each food source based on the limiting amino acid that can be digested and absorbed at ileum. (32) However, we cannot find the database to be used in our study so the DIAAS method remains unviable in present study.
To our knowledge, there are no current guidelines that include protein quality recommendation specifically in cancer patients, so we used the 50% ratio as our cut-off point for a good quality of protein intake based on the above mentioned study. But then, the difference in food tables used in Gavelle, et al., study, which primarily was for French food sources, and the food tables used in Indonesia might warrant a different result to be a matter of concern. (31) The result of PNI was derived from calculation of serum albumin level and TLC. Albumin had been used to determine the protein level in several studies and has been linked to prognosis of cancer patients, mainly survival rate.
(33,34) The variation in serum albumin level on various subjects might be the majority result of the inflammation process which would increase the level of proinflammatory markers, as it is consistently present in cancer patients. As a result, the proinflammatory markers would modulate the increment in acute phase proteins with a subsequent decrease in hepatic albumin synthesis. (35) Thus, it was suggested that the adequate supply of amino acids that enhance serum albumin availability would be the matter of consideration. TLC was also decreased in almost all cancer patients receiving radiotherapy as it is one of the most sensitive to radiation especially to the area that is abundant in lymphoid tissues like the head and neck area. (36,37) The radiation dose up to 50 Gy would significantly decrease the circulating lymphocyte. (36) Kuss, et al. , found that the decreasing lymphocytes were of immunological importance. (37) In present study, PNI was meant to be a surrogate of both nutritional and immunological status so the changes in these two components resulted in variability in subjects and might have a better value if adequate calories and protein intake were warranted as in other nutritional status markers. This might also explain the result of this present study that most subjects could achieve adequate daily calorie and protein intake, so the variability of PNI might be minimal and not adequate to show a difference among subjects. Further studies should address this issue by doing several adjustments to have even more optimal results.
Several aspects in quality of life were significantly correlated in this study to PNI and protein intake and mostly were from symptomatic aspects. This mentioned symptomps were thought to have an impact to patient's eating process as they are in term to the oral mucositis that might possibly caused dysphagia and it might impact some of the calorie and protein intake that the subjects had.(38) Zahn, et al., showed less degree of oral mucositis with better calorie and protein intake and most probably resulted in better quality of life. That previous study also state that wound healing, which was one of the main problems in oral mucositis, would have better rate of healing if adequate intake was achieved by minimal of one week despite the patient's current nutritional status.(26) The current recommendation for treatment of radiotherapy-induced oral mucositis were maintaining the oral hygiene and usage of pain medication. (29) Thus, suggestion to also ensure optimal nutritional intake might confer a better outcome with a simple strategy like the nutritional education and a routine follow-up period. However, in this present study, we cannot fully affirm whether it was the oral mucositis first that caused the reduction of nutritional intake, PNI and quality of life or the low nutritional intake first that might be the cause of the worse oral mucositis, lower PNI and quality of life.
Domains of quality of life that is significantly correlated with PNI were physical function, open mouth and dyspnea. Study by Sayer, et al., that assessed hang-grip as a marker of physical function that is related to nutritional status to quality of life found that lower hand grip score is associated with lower quality of life especially in elderly. (39) In head and neck cancer patients that is suffering from dysphagia, silent aspiration is quite common and this is strongly related to pneumonia and death. (7) This might be the result of low immunity status that can be shown by low TLC and it happened to all of the subjects in this study as a cause of decreased nutritional intake and the radiation. This might imply that PNI can predict the risk of having complication of aspiration and by increasing PNI would decrease the risk.
Although not significant, further analysis of the study also showed a consistent direction of correlation with either PNI and protein intake to the aspects of quality of life. This strongly suggest that the higher PNI would resulted in better functional status and less symptoms severity and might be enhanced by optimal protein intake even more. By this study, we could suggest that the usage of PNI to predict head and neck cancer patient's quality of life is promising, however it needs more studies and evidence to be affirmed. Another suggestion would be using several follow-up periods of quality of life assessment as a serial investigations to look at the rate of reduction in quality of life as showed in previous study that most head and neck cancer patients would suffer for progressive reduction in quality of life along with radiation period. (40) 
Conclusion
This present study showed a significant correlation between PNI and protein intake to several domains of quality of life which mostly were a symptomatic aspects. Optimizing daily protein intake might have a benefit in reducing toxicity-related symptoms in radiotherapy. PNI remains the promising nutritional-based marker to be used to reflect quality of life although more evidence might be needed to ascertain this. We suggest that further studies should consider of prospective study design to investigate the severity of symptoms and functional status in a time-related manner, preferably with several follow-up periods.
